The main source of available forms of heavy metals (toxic metals) for the plant kingdom is anthropogenic, resulting from diverse activities such as metallurgic processing of ore, cement plants, uncontrolled discharge of sewage sludge, burning of fossil fuels and waste incineration plants, and leaded petrol. Agricultural chemicals (e.g. phosphate fertilizers containing cadmium) may also contribute to the contamination of cultivated plants. The main threats to human health from toxic metals are associated with exposure to lead, cadmium, mercury (organic forms, especially methylmercury) and arsenic (mineral form only), which have no known vital or beneficial effect on living organisms. As their toxicity often takes years to manifest and may go unsuspected, their toxicological risk is defined on the basis of the so-called Provisional Tolerable Weekly Intake (PTWI) values. Beside anthropogenic causes, the main factors that may lead to high levels of toxic metals in medicinal plants are their availability in the soil with soil pH as the most important parameter for uptake by the plant. Indeed, genetic features of certain plant species show a tendency to accumulate certain trace elements, especially cadmium ("cadmium collector"). A very recent revision draft of the monograph "Herbal drugs" (Ph. Eur., 1433) includes acceptance criteria for lead, cadmium and mercury. This proposal is discussed in detail, based on literature data dealing with terrestrial plants and seaweed. Additionally, the need for inclusion of tests for inorganic impurities in quality control specification is examined, based on a risk assessment. As the daily intake of food supplements is very similar to the one of herbal remedies, it would be advisable to take into account the same acceptance criteria. The specific situation has also been considered of exotic herbal remedies, particularly those of Asian origin, which have been repeatedly reported to contain toxic levels of heavy metals and/or arsenic resulting in heavy metal poisoning.
and cadmium but also other elements between chromium and bismuth on the periodic table of the elements, having specific gravities greater than 5 g/cm 3 . Some of them are essential nutrients in trace amounts (e.g. copper, iron, zinc, cobalt, manganese, molybdenum) and others have relatively low toxicity (e.g. nickel, chromium). Mercury, a noble metal, is also an element that is controlled in certain foods because of its toxic nature. Arsenic, a metalloid (usually classified as a heavy metal), may be of concern. So, the term "toxic metals" is presently most often used in the literature, unlike the European Pharmacopoeia (Ph. Eur.), which prefers so far the wording "heavy metals". Both of them will be used in the present publication, along with trace element.
Heavy metals, as natural components of the earth surface (minerals, ore), do not present any risk for human health as they are not available for living organisms. They are released into the environment due to many factors including natural (e.g. erosion or volcanic activity) and mainly anthropogenic causes, for example, metallurgical processing of ore (mining industry, smelting works), cement plants, uncontrolled discharge of sewage sludge, contaminated emissions from refineries, burning of fossil fuels or waste incineration plants, and leaded petrol.
Heavy metal uptake by plants from the soil is quite variable. Root systems and soil properties, such as pH, may determine their availability to the plant (higher uptake in acid soils due to higher solubility of heavy metals) [4, 5] . The level of lead, cadmium and other metallic trace elements in a raw material can vary considerably with plant part, habitat and soil concentration [6] [7] [8] . Industrial activities have been identified as responsible for abnormally high accumulations of lead and cadmium in medicinal plants [6, 9, 10] . Meanwhile, heavy metals content in a soil is not necessarily a sufficient indicator to evaluate their possible accumulation in plants [11] as stronger genetic features may also influence heavy metals content [6, [12] [13] [14] . Some plants have been recommended for cleaning toxic metals from polluted soils due to their strong absorption and concentration from the soil [6] .
There are two major reasons why it has become necessary to consider levels of toxic metals in herbal drugs and/or their preparations and finished products:
• contamination of the environment with toxic metals has increased dramatically during the 20 th century, especially cadmium emissions while, over the last decades, lead emissions in developed countries have decreased markedly due to the introduction of unleaded petrol [4, 15] . The sources of this environmental pollution are quite varied, ranging from industrial activities (see above) to the use of purification mud and agricultural treatments, such as cadmiumcontaining phosphate fertilizers, mercury fungicides and arsenical insecticides, much used some years ago and even used today in some countries [8, 16] . It is also generally agreed that cadmium in fertilizers is by far the most important source of cadmium input to soil and to the food chain. Cadmium accumulation in agricultural soils due to fertilizer application was the subject of an opinion delivered by SCTEE [17] . As an example, cadmium, lead and mercury were significantly higher in the roots from valerian grown on sewage sludge-amended soil, than on unamended soil [18] ; • exotic herbal remedies, particularly those of Asian origin, have been repeatedly reported to contain toxic levels of heavy metals and/or arsenic [19] .
PRESENCE OF HEAVY METALS DUE TO ENVIRONMENTAL POLLUTION

Cadmium and lead:
Most of the studies on the presence of toxic metals in medicinal plants have focused on lead and cadmium [5] [6] [7] [8] 12, 13, 15, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . The contamination of herbal drugs with lead and cadmium has been shown to be subject to broad fluctuations depending on the plant species.
A German working group on contaminants, running a data base on heavy metals, published a compilation of results. A total of over 12,000 samples corresponding to 204 herbal drugs were tested for lead and cadmium content, comparing minimum and maximum values, along with the 90 th percentile (i.e. level below which 90% of the findings occur) [14] . The 90 th percentile of many herbal drugs was over 0.5 mg/kg of cadmium (and even over 1.0 mg/kg), while far fewer raw materials showed a 90 th percentile exceeding 5 mg/kg of lead (see Table 1 ). Raw materials tested included medicinal plants where cadmium could be commonly accumulated. Results showed that over a total of 113 different sample batches tested, corresponding to 21 different herbal drugs, 58 batches (51%) showed levels higher than 0.3 mg/kg, 45 batches (40%), levels over 0.5 mg/kg and 16 batches (14%), levels higher than 1 mg/kg (see Table 2 ).
It was, moreover, observed that contamination with lead occurs rather by chance, whereas enhanced cadmium values are restricted to some species having a tendency to accumulate this heavy metal [13] . Some such species are St John's wort [5, 13, 25, 32] , yarrow [5, 13] , linseed [15, 22, 27, 32, 33] , German chamomile, absinth [13] , valerian, passionflower, echinacea [25] and cinchona [34] .
Mercury:
In the environment, several forms of mercury occur: elemental mercury (Hg(0)), monovalent mercury (Hg(I)) as mercurous chloride (HgCl), divalent mercury (Hg(II)) as mercuric chloride (HgCl 2 ), and mercuric sulfide (HgS) or organic mercury, where it has formed compounds with carbon. Methylmercury (CH 3 Hg + ), the most common example of this form of mercury, is particularly toxic (see II Health hazard). There are few anthropogenic sources of methylmercury pollution. Methylmercury is formed from divalent inorganic mercury by action of anaerobic sulfate-reducing bacteria that live in aquatic systems including lakes, rivers, sediments and the ocean. It is the form of mercury that is the most easily bioaccumulated in organisms. It is biomagnified in aquatic food chains from bacteria, to plankton, through macroinvertebrates, to herbivorous fish and to piscivorous (fish-eating) fish. The concentration of methylmercury in the top level aquatic predators can reach a level a million times higher than the level in water.
When analyzed, mercury was never detected in samples of herbal drugs [23, 26, 35] . From 12,000 plant samples tested, it was concluded that its content was insignificant with regard to a threshold value of 0.1 mg/kg [14] .
Other elements:
Very little information is available regarding the presence of other elements in herbal drugs and their preparations. Chromium and arsenic were undetectable above their limits of detection in different formulations prepared from ginseng [26] . In one study, where samples of herbal drugs were tested for thallium concentration, all 80 samples tested contained less than 0.01 mg/kg [15] .
Cadmium, mercury and arsenic in seaweed:
Macroalgae can survive in toxic-metal-contaminated aquatic environments. In particular, Fucus spp. may accumulate heavy metals and have been widely used as biomonitors of metal pollution. So, they may be suitable species for use in risk assessment, for example for coast and estuarine areas. This tolerance to heavy metals can be explained in bladderwrack (Fucus vesiculosus L.) by its exceptional metalbinding properties due to metallothioneins, which are thought to act as a protective mechanism against incoming toxic metals, such as cadmium and mercury, [36, 37] .
Concentration of cadmium in bladderwrack has been extensively studied, showing that the level in seaweed varies with environmental levels [38] [39] [40] [41] . Cadmium levels in bladderwrack reached values in the range of 15-25 mg/kg [39] [40] [41] . Concentrations of cadmium are highest in spring and lowest in autumn in F. vesiculosus and F. serratus [38, 39] .
Mercury levels in Fucus species (F. vesiculosus, F. spiralis and F. ceranoides) were found in the range 0.01-0.06 mg/kg for receptacles and 0.03-0.29 mg/kg for holdfast and stipe [42] .
Levels of arsenic are higher in the aquatic environment than in most areas of land as it is fairly water-soluble and may be washed out of arsenicbearing rocks. In particular, seaweed is known to contain high concentrations of arsenic in comparison with terrestrial plants, owing to the ability of marine plants to concentrate the arsenic they derive from sea water. F. vesiculosus and Laminaria digitata contain levels of arsenic typically between 20 and 100 mg/kg dry weight [43, 44] . Arsenic compounds can be categorized as inorganic (without an arsenic-carbon bond) and organic compounds (with an arseniccarbon-bond). Arsenic exists in three common oxidation states: As(0) (metalloid arsenic, 0 oxidation state), As(III) (trivalent state, such as arsenites), and As(V) (pentavalent state, such as arsenates).
More than 90% of arsenic present in kelp is in the form of arsenosugars (arsenoribofuranosides), while inorganic arsenic is less than 5% [43] . Total and "reducible" arsenic levels (the latter level reflects the total of inorganic arsenic and some unstable organoarsenic species and is thus regarded as an indicator of maximum inorganic arsenic content) were analyzed in kelp food supplements on sale in the UK. They yielded mean concentrations of 25 mg/kg and 0.14 mg/kg for total and reducible arsenic, respectively. Potential daily intakes of reducible arsenic (based on maximum manufacturer's dose recommendations) ranged from 0.05 to 9 µg [45] . Inorganic arsenic was found at concentrations in the range 67-96 mg/kg in hijiki seaweed [Hizikia fusiforme (Harv.) Okamura], a brown sea vegetable growing wild on rocky coastlines around Japan and China [46] . The UK Food Standards Agency issued advice to consumers to avoid eating it [47] .
TOXIC METALS IN ASIAN TRADITIONAL MEDICINES
Publications about unacceptable levels of toxic metals in non-Western folk medicines have regularly appeared in medical and pharmaceutical literature [48] [49] [50] [51] [52] [53] . The presence of those poisonous metals is usually not due to contamination but to deliberate inclusion for alleged medicinal purpose or to an accidental addition in herbal preparations during their manufacture. In particular, Chinese and Indian preparations have been implicated. Taking into account that in most developed countries, Asian herbal medicines are becoming more and more popular [54] , it seems justified to describe in this article those preparations which might constitute a serious health problem.
Evidence suggesting that some Asian herbal medicines contain toxic metals have been reviewed [19, 55] . For example, traditional Chinese medicines, which are usually complex mixtures of several (often 20 or more) herbal drugs, may contain heavy metals such as arsenic, cadmium, mercury and lead (see [48, 50, 51, 56] for a review). Similarly, Indian medicinal systems (e.g. Ayurveda and Unani) have a long and rich history of herbal medicine, and heavy metals have been regular constituents of traditional Indian remedies (see [57] for a review). Surveys carried out during 2004 in the United States have shown that 20% of all Ayurvedic medicines in the Boston area contained potentially harmful levels of lead, mercury or arsenic [52] . Most common ingredients deliberately included for a specific curative purpose are realgar (arsenic sulfide), cinnabar (mercuric sulfide), calomel (mercurous chloride), hydrargyri oxydum rubrum (red mercuric oxide) and lithargyrum (lead monoxide) [58] [59] [60] . The presence of heavy metals may also be the result of accidental contamination during manufacture, for instance, from grinding weights [61] or lead-releasing containers [62] or other manufacturing utensils.
HEALTH HAZARD
The main threats to human health from heavy metals are associated with exposure to lead, cadmium, mercury and arsenic. They have no known vital or beneficial effect on organisms, and their toxicity often takes years to manifest and may go unsuspected Toxic metals in herbal medicinal products Natural Product Communications Vol. 3 (12) 2008 2111 [63] . They have been extensively studied and their effects on human health regularly reviewed by international bodies, such as WHO (see [4] for a review).
Chronic exposure to cadmium can cause nephrotoxicity in humans, mainly due to abnormalities of tubular re-absorption [64] . Lead and mercury can cause adverse effects on the renal and nervous systems and can cross the placental barrier, with potential toxic effects on the fetus [65, 66] . The International Agency for Research on Cancer (IARC) classified cadmium and lead as human carcinogens: group I (sufficient evidence in both humans and experimental animals), and "possible human carcinogen": group IIA (sufficient animal data and insufficient human data), respectively [67, 68] . Longterm exposure to arsenic is mainly related to increased risks of skin, liver, bladder and lung cancer [69, 70] .
Trace elements (e.g. iron, cooper, nickel) may also have toxicity when considered in abnormally high doses. Metals in an oxidation state abnormal to the body may also become toxic: chromium (III) is an essential trace element, but chromium (VI) is a carcinogen. Radioactive metals (e.g. thorium, uranium, polonium) have both radiation toxicity and chemical toxicity.
Contrary to pesticides, where the toxicological risk is defined on the basis of Acceptable Daily Intake (ADI) values (see "Health hazard" under [3] ), it is preferable for toxic metals to base the risk evaluation on the so-called Provisional Tolerable Weekly Intake (PTWI) values, established also by the Joint FAO/WHO Expert Committee on Food Additives (JECFA). PTWI is an endpoint used for food contaminants such as toxic metals with cumulative properties. This value (µg/kg body weight/week) represents permissible human weekly exposure to those contaminants unavoidably associated with the consumption of foods.
The formula, given in the section dealing with pesticide residues [3] for calculation of theoretical maximum tolerable levels in food commodities (mg/kg), from ADI values, can also be used to derive similar levels for a toxic metal [8] : PTWI values established by JECFA for cadmium [71] , lead [72] , mercury [71, 72] and arsenic [73] are listed in Table 3 . The EU Scientific Committee on Food (SCF) adopted an opinion endorsing the PTWI established by JECFA (see [74] ).
Mercury
FAO/WHO recommended a PTWI value of 5 µg/kg/week for mercury, while the PTWI for methylmercury of 3.3 µg/kg/week [72] was revised by the 61 st meeting of JECFA to 1.6 µg/kg/week [71] . Ingested methylmercury is readily and completely absorbed by the gastrointestinal tract. It is mostly found complexed with cysteine and with peptides and proteins containing that amino acid. The methylmercuric-cysteinyl complex is recognized by amino acid transporting proteins in the body, as methionine, another essential amino acid. Because of this mimicry, it is transferred freely throughout the body, including across the blood-brain barrier and across the placenta, where it is absorbed by the developing fetus. Because of this mimicry and its strong binding to proteins, methylmercury is not readily eliminated.
Arsenic:
FAO/WHO has established a PTWI value only for inorganic arsenic (15 µg/kg/week) without assigning any such value to organic arsenicals [73] . JECFA are scheduled to 1-But not more than 1.6 µg/kg/week in the form of methylmercury [71] .
2-This PTWI does not refer to organoarsenicals, as the organoarsenic compounds naturally occurring in marine products are considerably less toxic than inorganic arsenicals.
review the PTWI for arsenic. The relative toxicity of an arsenical depends primarily on inorganic or organic form, oxidation state, solubility and rates of absorption and elimination. Inorganic arsenic is more toxic than organic arsenic (e.g. LD 50 for arsenic trioxide in rats is 20 mg/kg, while for arsenobetaine no signs of toxicity were observed in mice after an oral dose of 10 g/kg) [75, 76] . The toxicity of As(III) is several times greater than that of As(V), due to a greater cellular uptake. However, at equivalent intracellular levels, As(III) and As(V) compounds are equipotent. For instance, organoarsenic compounds, naturally occurring in fish (mainly arsenobetaine), are excreted very rapidly by man and there have been no reports of ill effects among populations whose consumption of large quantities of fish results in organoarsenical intakes of about 50 µg/kg per day [73] . Although the arsenic most commonly found in seaweed (organosugars) is relatively non-toxic to humans as compared with inorganic species [77] , case reports of potential arsenic toxicosis secondary to kelp supplements intake have, surprisingly, been described [78, 79] .
Other toxic metals:
No FAO/WHO PTWI value for thallium has been established. The current dietary intake of this toxic element in the United Kingdom, which is estimated to be 5 µg/day, is not regarded as a cause for concern [80].
Comments:
The following points deserve special consideration:
• The safety margin between a PTWI and the weekly exposure that produces deleterious effects can be relatively small. For instance, the critical organ in relation to the toxic effects of chronic ingestion of small amounts of cadmium is the kidney. So, intakes as low as 140-255 µg/day (PTWI = 60 µg/day/person with 60 kg bw) have been associated with low molecular weight proteinuria (without specific histological changes) in the elderly and renal dysfunction would be expected in sensitive population groups at cadmium exposure levels half that of the present PTWI, i.e. 30 µg/day [64] . On the other hand, a short-term exposure to levels exceeding the PTWI is not necessarily a cause for concern, provided the average intake over longer periods does not exceed the level set [73] .
• As PTWI values refer to total dietary intakes, it is impossible to determine the acceptability of a certain contamination level in a herbal drug without considering the normal dietary exposure to the metal in question. Dietary intakes measured in seven different countries [81] showed that the normal daily diet may provide a substantial portion of the tolerable daily amount that can be derived from the PTWI, dietary load of cadmium, lead and mercury accounting for 17-55%, 6-42% and 2-31% of tolerable daily amounts. Meanwhile, in many countries, lead intake from the diet can approach or exceed the PTWI [82] . Mercury exposure for the general population occurs mainly from consumption of fish [82] and possibly from dental amalgam fillings [66] .
• Experts are still debating whether PTWI for cadmium can be used in general or whether it should be applied only to healthy adults, with the exclusion of risk groups such as chronically ill patients, pregnant women, and breast-feeding mothers [8] .
Three other organizations, the National Institute of Public Health and the Environment (RIVM, the Netherlands), the Agency for Toxic Substances and Disease Registry (ATSDR, the United States) and the United States Environmental Protection Agency (US EPA) have also evaluated the noncancer oral toxicity data and established risk values for lead [83] , cadmium [83, 84] , mercury (mercuric chloride, methylmercury) [83, [85] [86] [87] and arsenic [83, 88, 89] (see Table 4 ). Critical organs or effects are: • brain and central nervous system (lead),
• kidney damage (cadmium),
• kidney, autoimmune effects (inorganic mercury), • central nervous system, developmental effects (methylmercury), • skin (inorganic arsenic).
On the basis of sufficient evidence for an increased risk for cancer of the urinary bladder, lung and skin, an oral risk value has only been established for inorganic arsenic (6.7 ng/kg/day) [89] .
Toxic metals in Asian traditional medicines:
The presence of heavy metals in ethnic medicines is considered as being a significant international problem. Lead and, less frequently, mercury and arsenic poisonings, associated with intentional or accidental addition of toxic heavy metals in unlicensed Ayurvedic medicines, have been described in developed countries with some regularity during the last three decades (see [57, 90] for a review). Similarly, numerous case reports and Toxic metals in herbal medicinal products Natural Product Communications Vol. 3 (12) 2008 2113 case series of heavy metal poisoning associated with the use of traditional Chinese medicines (TCM) have been published in different countries (United States, Hong-Kong, Taiwan) (see [48] for a review).
Recently, out of 247 TCM products investigated in Australia, some preparations exceeded FAO/WHO PTWI for arsenic (4 products), lead (1 product) and mercury (5 products), taking into account recommended product dose and the concentration of element in the product. The levels were high, ranging up to three orders of magnitude (10 3 ) higher than the PTWI for those elements considered [91] .
EFFECTS OF PROCESSING
The effects of extraction with boiling water were studied by analyzing lead and cadmium levels in 136 samples of 19 herbal drugs and in tisanes prepared from these samples. Passage into water was above 50% in only 12% and 8% of the lead and cadmium assays, respectively. The majority of tea samples (67% for lead and 71% for cadmium) showed a relatively low extraction of 25% or less. Individual extraction values ranged from 0.1% to 87% for lead and 1% to 68% for cadmium [21, 22] . Otherwise, the average percentage of lead and cadmium into the infusion from herbal teas consumed in Thailand was 6-12% and 14-24%, respectively [92] and determination of lead content in infusions or decoctions obtained from 11 herbal teas showed extraction values ranged from less than 1% to 59% [30] .
When an herbal drug is contaminated at its surface with inorganic salts, it is likely that a relatively large amount will dissolve in the hot water. However, when metal traces are organically bound in the plant cell, the passage rate into a tisane will be relatively low [21, 22] . Besides, higher amounts of heavy metals are transferred from the raw material to water by boiling (decoction) than by immersion in hot water (infusion) [12] .
It has also been shown that the passage of lead and cadmium into an extraction fluid decreased as the polarity of the extraction fluid diminished [7] . Thus, there can be little doubt that processing of herbal drugs with hydroethanolic mixtures likewise results in incomplete passage of heavy metals.
The washing of plants while they are still fresh may remove about 15-30% of heavy metal contamination [8] . For example, washing valerian roots after harvest has shown to be an effective way in reducing lead and cadmium contamination in crops [18] .
ANALYTICAL METHODS
Taking into account the relatively low concentrations of investigated toxic metals and complexity of the plant matrices, adequate physical techniques are necessary. Different methods have been recommended for quantitative analysis of plant samples, in order to satisfy relevant analytical criteria such as specificity and precision, and to provide less time consuming and cost beneficial results:
• flame atomic absorption/emission spectrometry (FAAS/FAES); • graphite furnace atomic absorption spectrometry (GFAAS); • energy disperse X-ray fluorescence (EDX-RF); • inductively coupled plasma-atomic emission spectrometry (ICP-AES); • inductively coupled plasma-mass spectrometry (ICP-MS).
Although FAAS/FAES and GFAAS are efficient to determine low levels of elements, techniques such as ICP-AES and mainly ICP-MS are superior due to multielement capabilities, low detection limits, isotopic capabilities and speed of analysis. The general chapter of the Ph. Eur. "Heavy metals in herbal drugs and fatty oils" (2.4.27) provides test methods for the estimation of lead, cadmium, mercury, arsenic, nickel, copper, iron and zinc by atomic absorption spectroscopy (2.2.23). The content of arsenic and mercury is measured by direct calibration (Method I) using an automated continuous-flow hydride vapour generation system, while the content of other metals is determined by the standard additions method (Method II) using a graphite furnace as atomisation device. The pharmacopoeial test for heavy metals (2.4.8), despite its limitations, is still a standard test described in individual monographs of the Ph. Eur. dealing mainly with chemical substances. Some improvements to simplify the test, avoiding loss of analytes and increasing sensitivity, have recently been proposed [93] .
Methods used for the investigation of contaminants in the food area, i.e. standard procedures established by the European committee for standardization (CEN: Comité européen de normalisation), include determination of different trace elements. General aspects of analytical methodologies, sample preparation, quantitative analysis, precision of the method and results of collaborative tests are fully presented. Published standard procedures are listed below.
Cadmium and lead
• 
Mercury
Cadmium, lead, mercury and arsenic
• Determination of arsenic, cadmium, mercury and lead in foodstuffs by inductively coupled plasma-mass spectrometry (ICP-MS) after pressure digestion (standard project EN 15763: 2008) [101] .
STANDARDS/GUIDELINES
Foodstuffs: Commission
Regulation 1881/2006/EC from December 2006 sets maximum levels for certain contaminants in foodstuffs, including maximum levels for toxic metals [74] . Maximum levels in vegetables, fruits, fresh herbs and fungi are in the range of 0.10-0.30 mg/kg and 0.05-0.20 mg/kg for lead and cadmium, respectively (see Table 5 ). Mercury is only controlled in fishery products, considering that levels of mercury found in foods other than fish and seafood are of lower concern. Moreover, it is mentioned that "the forms of mercury present in these other foods are mainly not methylmercury and they are therefore considered to be of lower risk" [74] . It should be noted that Commission Directive 61/2004/EC specifies a limit for mercury compounds expressed as mercury (pesticides prohibited for use in European Community) in food commodities of plant origin at the limit of analytical determination (0.01 mg/kg for food of plant origin and 0.02 mg/kg for tea and hops [102] .
French regulation sets maximum levels for mineral arsenic, iodine and certain metals in seaweeds intended for human consumption [103] . Limits (values apply to the dried material) are as follows:
• mineral arsenic : ≤ 3 mg/kg; 
Food supplements
It has been shown that food supplements can contribute significantly to human exposure to lead, cadmium and mercury as high levels of these toxic metals have been found in some food supplements during monitoring activities in European member states. In order to protect public health, the Commission of the European Communities considers that it is appropriate to set maximum levels for lead, cadmium and mercury in food supplements via an amendment of the Regulation 1881/2006/EC. A revised draft Commission Regulation has recently been released including the following comments and proposals [104] :
• maximum levels must be safe and as low as reasonably achievable (ALARA), based upon good manufacturing practices. Proposals for limits are listed in Table 6 ; • due to natural accumulation of cadmium in seaweed, food supplements consisting of either dried seaweed or of products derived from seaweed can contain higher levels of cadmium than other food supplements. So, a higher maximum level for cadmium is needed for food supplements consisting exclusively or mainly of seaweed ( Table 6 ).
The draft Regulation favours the control at the final product level.
Maximum levels for heavy metals in food supplements have been set out so far only in Belgium at the national level [105] . Limits in final products as sold are:
• mercury : ≤ 0.2 mg/kg; • cadmium : ≤ 0.5 mg/kg; • lead : ≤ 1 mg/kg;
• arsenic : ≤ 1 mg/kg. Presently, the general monograph on "Herbal drugs" (1433) states that a potential risk must be considered and, unless included in an individual monograph, limits may be required if justified.
A draft proposal for a revision of this monograph has recently been published [107] including, amongst changes, the introduction of limits for certain heavy metals. These are as follows "unless otherwise stated in an individual monograph or unless otherwise justified and authorised:
• cadmium : ≤ 0.5 mg/kg; • lead : ≤ 5 mg/kg; • mercury : ≤ 0.1 mg/kg.
It is also specified that "if required by the relevant authority or by the nature or origin of the herbal drug, suitable limits for the contents of arsenic, copper, iron, nickel and zinc are defined".
Additionally, the general monograph on "Extracts" (0765) specifies "where applicable, as a result of analysis of herbal drug or animal matter used for production and in view of the production process, tests for microbiological quality, heavy metals, 2116 Natural Product Communications Vol. 3 (12) 2008
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aflatoxins or pesticide residues in the extract may be required". In relationship to the introduction of proposed limits for certain heavy metals in the monograph "Herbal drugs" (see above), a provision has been introduced in a revised draft of the monograph "Extracts" [108] . Herbal drugs used for extraction could exceed the limits set for these ones "provided the finished extract complies with the requirements concerning heavy metals in the general monograph Herbal drugs (1433)".
European guidelines:
The guideline on "Good Agricultural and Collection Practice" (GACP) [109] specifies that "medicinal plants should not be grown in soil contaminated with sludge, heavy metals, residues, plant protection products or other chemicals etc.".
According to the CPMP guideline (EMEA) on "Quality" [110] : "as a general rule, herbal substances must be tested, unless otherwise justified, for microbiological quality and for residues of pesticides and fumigation agents, toxic metals, likely contaminants and adulterants". For herbal preparations, the guideline comments "if deemed necessary by analysis of the starting material, tests on microbiological quality, residues of pesticides, fumigation agents, solvents and toxic metals should be performed". The other CPMP guideline (EMEA) on "Specifications" [111] stresses the point that "the need for inclusion of tests and acceptance criteria for inorganic impurities should be studied during development and based on knowledge of the plant species, its cultivation and the manufacturing process. Acceptance criteria will ultimately depend on safety considerations". It is also mentioned regarding herbal preparations that "the potential for manufacturing process to concentrate toxic residues should be fully addressed. If the manufacturing process will reduce the burden of toxic residues, the tests on the herbal substance may be sufficient".
National regulations:
The German Ministry of Health published in 1991 a "draft recommendation for limits of heavy metals in medicinal products of plant and animal origin" [112] . This draft included the following limits for plants, parts of plants, oils, fats and waxes of plant origin and products thereof as well as for other products of plant origin, each with reference to the dried matter:
• lead : ≤ 5 mg/kg; • cadmium : ≤ 0.2 mg/kg; • mercury : ≤ 0.1 mg/kg.
The following exceptions were considered for cadmium: 0.3 mg/kg for linseed, hawthorn, yarrow and 0.5 mg/kg for birch, St John's wort, willow and maté.
The draft recommendation has never been finally adopted. However, these maximum levels have been, so far, widely used as acceptance criteria for the assessment of marketing authorisation/registration application dossiers by EU national regulatory authorities.
WHO
WHO guidelines on "Quality control methods for medicinal plants" [113] and "Quality of herbal medicines with reference to contaminants and residues" [114] recommend to take into consideration maximum limits of heavy metals. The following levels in dried plant material, based on ADI values, have been proposed:
• lead : ≤ 10 mg/kg, • cadmium : ≤ 0.3 mg/kg. The following recommendation is given "the need for the inclusion of tests for toxic metals and acceptance criteria should be studied at the various development stages of the plant and based on knowledge of the medicinal plant species, its growth and/or cultivation and the manufacturing process" [114] . Additionally, if the heavy metals burden of the herbal material is unknown, "it is suggested that it can be determined qualitatively and quantitatively on several batches, preferably collected over several years" [114] .
LITERATURE RECOMMENDATIONS
The
German pharmaceutical manufacturers association (BAH), based on results collected from more than 20,000 samples by its contaminant working group (see also "I.1.1. Cadmium and lead"), showed that recommendations of the German Ministry of Health (see above "V.3.3. National regulations") could not generally be applied [14, 115] . So, it made a proposal in 2002 for general limits:
• lead : ≤ 10 mg/kg; considered that the usual small quantities of herbal drugs consumed do not pose a health hazard to the population [14] . As already described (see "I.1.1. Cadmium and lead"), many herbal drugs have a 90 th percentile over 0.5 mg/kg (and even over 1.0 mg/kg) of cadmium [14] . So, it was observed that exceptions should be established for specific herbal drugs with 90 th percentile higher than 1 mg/kg, e.g. St John's wort, willow and fucus.
Previously, based on a restrictive cadmium maximum level of 0.2 mg/kg [112] , BAH made, in 1992, a proposal for exemptions of a large number of herbal drugs known to have a specific affinity to cadmium [116] (see Table 7 ).
CONCLUDING REMARKS
Contamination of medicinal plants and herbal drugs by heavy metals has been extensively documented in published literature [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 18, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [14, 23, 26, 35] , with the exception of seaweed like bladderwrack where it may accumulate [42] . Toxicity is mainly due to methylmercury as it is readily and completely absorbed by the gastrointestinal tract. Mercury exposure and especially its organic form, methylmercury, for the general population occurs mainly from consumption of fish and seafood [82] , which explains why maximum levels in foodstuffs apply only to fishery products [74] ;
• arsenic: the ability to concentrate arsenic has been described in marine plants such as kelp [43] [44] [45] . Organic arsenic is much less toxic than inorganic arsenic (e.g. arsenosugars) due to its rapid excretion by man, thereby a PTWI value has only been established for inorganic arsenic [73] .
The three main factors which may lead to high levels of toxic metals in medicinal plants are the following:
• anthropogenic influence: human activities lead to the production of available (soluble) forms of toxic metals in the soils, the main source of such elements for terrestrial plants. Furthermore, some anthropogenic activities may also cause heavy metals contamination of plants by deposition of air particles on the aboveground organs. Contamination via air pollution may be the most significant source of heavy metals in certain areas (e.g. vicinity of mining industry, smelting works, waste incineration plants). Agricultural chemicals may also contribute to high levels of toxic metals (e.g. phosphate fertilizers, which contain varying quantities of cadmium depending on the original content of the phosphate rocks, sewage sludge-amended soils, pesticides, such as lead arsenate or mercury-containing products which continue to be used today in some countries) [4, 6, [8] [9] [10] 15, 16, 18, 114] ;
• availability in the soil: soil characteristics such as pH, redox-potential, content and form of organic matter or clay minerals affect heavy metal chemical behaviour in soils. Amongst these factors, soil pH is probably the most important one (availability of all elements, with the 2118 Natural Product Communications Vol. 3 (12) 2008 Guédon et al.
exception of molybdenum, increases as pH decreases) [4, 5] ;
• uptake by the plant: genetic features of certain plant species show a tendency to accumulate trace elements, the most characteristic being cadmium [6, 12, 14] . Plants which are prone to increase assimilation of that element are named "cadmium collector" (e.g. St John's wort, willow, yarrow, linseed, birch, wild pansy, dandelion) [5, 13, 14, 22, 25, 27, 31, 32] .
So, excluding species which have a natural tendency to accumulate cadmium, cultivated plant materials may be considered as being more at risk of contamination than raw materials collected in wild habitats.
GENERAL RECOMMENDATIONS
As already mentioned, the CPMP guideline (EMEA) on "Specifications" [111] stresses the point that "the need for inclusion of tests and acceptance criteria for inorganic impurities should be studied during development and based on knowledge of the plant species, its cultivation and the manufacturing process". Taking into account previous comments, criteria, which should be part of a risk assessment, include:
• presence or not of anthropogenic influences in the vicinity of the site of cultivation or wild collection resulting in a potentially contaminated environment; • soil pH where the herbal drug is harvested/collected. Medicinal plants, as all plants, may exhibit or not different soil preferences, e.g. preference for soils rich or poor in lime (high and low pH values, respectively); • cultivation techniques (e.g. use of fertilizers); • ability of the plant species to uptake and accumulate toxic metals (mainly cadmium).
Information justifying that testing heavy metals on a routine basis can be waived (i.e. no contamination to be expected following the risk assessment) should preferably be supported by development data, including at least three suitable representative batches. Assurance must also be provided that the medicinal plant was cultivated/collected in accordance with the principles of Good Agricultural and Collection Practice [109] .
Moreover, heavy metals are most often weakly extracted into the herbal drug preparations during processing (e.g. infusion, alcoholic extracts). Therefore, it is fully appropriate, as included in the revision draft for the Ph. Eur. monograph "Extracts" [107] , to consider the possibility of using raw materials exceeding the limits set for herbal drugs (see proposed revision for the monograph "Herbal drugs" [108] ), provided the herbal preparation complies with the herbal drugs requirements.
Cadmium and lead:
Harmonised maximum limits which are scheduled in the revised pharmacopoeial monograph "Herbal drugs" (Ph. Eur. 1433) for cadmium (≤ 0.5 mg/kg) and lead (≤ 5 mg/kg) [107] are achievable for most herbal drugs. Meanwhile, exceptions for cadmium collectors need to be considered, some herbal drugs containing often cadmium levels above 0.5 mg/kg. It is presently the case for kelp where a maximum level of 4 mg/kg is set up (Ph. Eur.: monograph "Kelp" 1426).
Assuming a mean daily consumption of 5 g herbal drug (average daily dose according to the monograph "Tisanes" of the French Pharmacopoeia [117] ), a passage rate of heavy metals into hot water of 20% [21, 22] and a concentration of 5 mg/kg lead and 0.5 mg/kg cadmium, the estimated weekly intake would represent 2% and 0.8% respectively of the PTWI recommended by the WHO for an adult of 70 kg (1,750 µg of lead and 490 µg of cadmium) [71, 72] . So, the consumption of herbal drugs is not expected to contribute significantly to the exposure of the population to cadmium and lead.
Mercury:
As mercury exposure through consumption of herbal drugs of terrestrial origin does not appear to be of health concern, as its uptake is insignificant, inclusion of the test is not justified.
Arsenic:
Arsenic is not identified as being a risk in herbal drugs of terrestrial origin. Based on safety considerations, it is advisable, if necessary, to include in individual monographs testing of inorganic arsenic rather than total arsenic, based on standard EN 15517 [100] . The official monograph "Kelp" (Ph. Eur.: 1426) should be modified accordingly as only inorganic arsenic is to be considered a risk (presently, Ph. Eur. sets a limit of 90 mg/kg total arsenic in kelp).
Other trace elements:
Only, if required by the nature or origin of the herbal drug, a suitable limit for the content of other trace elements (e.g. copper when used as fungicide) may be defined.
Toxic metals in herbal medicinal products
Natural Product Communications Vol. 3 (12) 2008 2119 9.5. Food supplements: Current proposals for legislation on heavy metals in food supplements [104] are not identical to those scheduled by the Ph. Eur. [108] , i.e. for cadmium 1 mg/kg and 0.5 mg/kg, and for lead 3 mg/kg and 5 mg/kg, respectively. An harmonisation of maximum limits should be justified as food supplements and herbal remedies have similar specificities, i.e. they have a defined serving size (e.g. 1 tablet/day) with a small amount of product consumed daily in comparison to typical food and a duration of use which is also limited. Maximum levels scheduled by the Ph. Eur. [107] represent practicable limits on the basis of the present literature survey. Additionally, the contaminant limits should be set for the raw materials and not for the final products as sold, as specified in the draft Regulation [104] .
